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Fig. 1 . (heald fiiame) (heald rod) Fig. 2
(heald) (end loop) . (eye) ,
, 2 , (
). ( , shuttle) , ffl ( , reed)
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Fig. 2 A heald.
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, , , ,
. [6]. Fig. 3 , 3 ,
3 . , (weave
diagram, , ) . $\blacksquare$ ,
. .
. , ,
180 [7]. Fig. 3 3
Fig. 4 .
Fig. 4 Three equivalent weave diagrams.
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2.3
, (threading draft diagram) ,
( ) (Peg plan diagram) . , ,
, (lifting plan diagram) . Fig. 5 . $F$ , $E$
, $H$ , $F$ $E$ , $F$ $H$ , $H$ $E$
. , $h_{1}$ $hr$ . $f_{J}$ $h$
, (hi, $f_{)}$) $\blacksquare$ . , wi $i$ $h_{j}$ , (Wi, hj) $\cross$ .
Fig. 5 , 4 , 4 . ,
, Fig. 5 , , .
$\{\begin{array}{l}1\infty p1\infty P\end{array}$
Fig. 5 A lifting plan diagram. Fig. 6 $Along\cdot eye$ heald.
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, Fig. 6 , , ,
181. , ,
. , $[1\cdot 3]$ , 2\sim 4
.
, 1 , ,
. 4 Fig. 7 . ,
, . , 2 $A,$ $B$ ,
. Fig. 7(a) , $A,$ $B$ ,
. $A$ , $B$ ( (b) , $(c)$ ). ,
. $A,$ $B$ , ( $(d)$ ).
. Fig.
8 . , 4 , ,
4 . Fig. 9 . 1 1
, 2 1 2 2 . 3 2





(a) (b) (c) (d)
Fig. 7 Movements of $long\cdot eye$ Fig. 8 The lifting plan Fig. 9 The lifting plan
healds in bottom closed shedding. diagram for normal healds. diagram for $long\cdot eye$ heald8.
(a) Both healds are still.
(b) Heald $B$ is $a8oend$.
(c) HealdA is ascend.
(d) Both healds are ascend.
2.5
, , , . , $\blacksquare$ 1 $0$
, $\cross$ 1 $0$ . , ,
$W,$ $P,$ $T$ . , $T$ . ,
$W=PT$ ( ). Fig. 5 3
Fig. 10 .
Fig. 10 , $0$ 1 . $A,$ $B$
$A+B$ AB . ,
. , + , $\cdot$ . A (i,j) Aj . A $i$
$A\cdot,$ $j$ $A_{i}$ . $W,$ $P,$ $T$ . $n$
$a=(a_{1},\ldots,a_{n})$ $bnb_{1},\ldots,b$ ) aVb , $n$ (a
bl)..o7anVb\sim . .
, $T$ $T\sim$; 1
. 1 Tij , $P$ $P_{i}$ , $T_{j}$ wj . , $P_{i}$
hi , wj . , $W$, $P$ ,
$T$ $W=PT$ . $W$ $P$ $T$ , $P$ ( $=\Gamma$ )
, $W$ . Fig. 5 , $W$
.
, 1 , $T$ 1
. $T$ $T’$; , 1 il , P$l. $p_{i2}$ $T$
wj . 3 1 $T$ . ,




$\{\begin{array}{lll} 001 | 0l1 0l 001 100l \end{array}\}$
$w$
$\{\begin{array}{lll}00|10011 0010110 1 1100|1 00t0010110 \end{array}\}$
$T$
$\{\begin{array}{ll}100001 0001001 00000001001 0010001 0\end{array}\}$
$\{\begin{array}{llll}1 1 0 01 11 0011 l001 t\end{array}\}$
$=$
$\{\begin{array}{ll}1 00t t001 l001 \end{array}\}x\{\begin{array}{llll}t 1 0 00 1 1 00 01 1\end{array}\}$
Fig. 10 The lifting plan diagram Fig. 11 A Boolean matrix ofBoolean rank $=3$ .
represented by Boolean matrices.
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A $m$ $n$ . A (Boolean rank) , A $m$ $r$ $B$
$r$ $n$ $C$ $A=BC$ $r$ . Fig. 11
3 . (Schein rank) [9] ( ,
). $S$ , A $S$
. $S$ A . $B$
, $S$ . , S’ , A S’
. S’ A . $C$









G=(V,E) 2 , V 2 X, $Y$ , $E$
X , $Y$ . 2 $B=(X,Y,E)$ . $G=(V,E)$
, V $Vs\subset V$ , Vs 2
. 2 $B=(X,Y,E)$ , X $Xs=\{x_{1},\ldots,x_{n}\}$ , $Y$ $Ys=\{y_{1},\ldots,y_{m}\}$
$B’=$($Xs$ ,Ys,Es) , 2 $x_{i}\in Xs,$ $y_{j}\in Ys$ 2
. , 2 , 2 . , $B$
$B=(X,Y,\bm{E}s)$ $B$’ , 2 . $G$ V
$G$’ , $G=(V, E’)$ . , $E’=${$(u,v)\in E|$ u,v\in V} .
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, 2 [11]. 2
$B$ , $B$ 2 $C$ , $B$ $C$ 1 2
. 2 , $C$
[10]. $W$ 2 . $m$ $n$ $W$ , $m$
$X=\{x_{1},\ldots,x_{m}\}$ , $n$ $Y=\{y_{1},\ldots,y_{n}\}$ . Wij 1 ,
, 2 $Xi$ yj . 2 $B_{w}$ . Fig. 12
.
(a) Boolean matrix W. (b) Bipartite graph Bw.
1 $W$ , 2 $B_{w}$ .
, , 1 2 .
1] $m$ $n$ $W,$ $m$ $r$ $P,$ $r$ $n$ $T$ . , $W=PT$
$W=\sum_{k=1}^{r}$ $P_{k}T$ , , $W=\sum_{k-1}^{r}$ $P_{k}T_{k^{r}}$ $W=PT$ .
[ 1
$( PT)_{ij}=(\sum_{k=1}^{r} P*kT_{k}\cdot)_{ij}$ . $= \sum_{k=1}^{r}$ $P_{i,k}T_{kj}=P_{i,1}T_{lj}+\ldots+P_{i,r}T_{rj}$ , =1
, S(1\leqq 8\leqq r) , $P_{i},$.T.j$=1$ . , $P_{i,*}=T_{lj}=1$ , , $(P_{\iota}T..)_{ij}=1$
. =$($P.ITI\leftrightarrow ... $+P_{r}T_{r}\cdot)_{ij}$ . $(P_{\iota}T,.)_{1i}=1$ , $=1$ .
, =1 . , t(l\leqq t\leqq r) , $(P\cdot\iota T_{t}\cdot)_{ij}=1$ . , Pi.t$=1$ Ttj$=1$
, =1 . $\blacksquare$
$m$ 1 $A=(a_{1},\ldots,a_{m})T$ 1 $n$ $B=(b_{1},\ldots,b\underline{b})$ AB .
AB c(A,B) . , c(A,B) (i,j) aibj $m$ $n$ . 1 , $W$
- $W$ .
$A,$ $B$ , , , (i,j) $A_{j}\leq B_{ij}$ A
$\leqq B$ .
2] $M\leqq W$ , 1 $M$ BM 2 Bw 2 .
, Bw 2 Bc $C\leqq W$ , 1 .
[ 2
$M\leqq W$ , 1 $M$ . $M$ $m$ 1 $A=(a_{1},\ldots,a_{\Phi})\tau$ 1 $n$
$B=(b_{1},\ldots,b)$ . $R=\{ila_{i}=1,1\leqq i\leq m\}$ . $C=\{jlb_{j}=1,1\leqq j\leq n\}$ , $M_{i\dot{\cup}}(i\in R,j\in C)$
1 , $M$ 2 BM Bw 2 .
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Bw 2 $H=(X’,Y,E’)$ . $Bc=(X,Y,E’)$ , 2 $x_{i}\in X’$ , yj\in Y’
, Bc $C\leqq W$ , $\{C_{\dot{t}.j}|x_{i}\in X’, y_{j}\in Y\}$ 1 . ,
$C$ $0$ , 1 . A . ,
$C$ $0$ , 1 . $B$ , $C-\prec(A,B)$
. , $C\leqq W$ , 1 . $\blacksquare$
1
$W$ $r$ , 2 Bw $b$ . $m$
$n$ $W$ $m$ $r$ $P$ $r$ $n$ $T$ $W=PT$ .
, 1 $W=\sum_{j=}^{r}1$ $P_{i}T_{\dot{t}^{2}}$ . $P_{i}T_{i}$. 1
. $r$ $r$ 2 . 2 1 Bw
2 . , Bw $r$ 2 , $b\leqq r$
.
$\not\in\{Q_{1},\ldots,Q_{b}\}$ Bw . 2 , Bw 2 Qi
$M_{Qi}\leqq W$ 1 . , $M_{Qi}$ $M_{Qi}=c(A,B$ ,
$W$ $b$ $W=\sum_{i\approx 1}^{b}$ c\alpha , . , 1 AB
. , A $A_{1},$ $\ldots,Ab$ $n$ $b$ , $B$ $B\iota,$ $\ldots,B_{b}$
$b$ $m$ . , $r\leqq b$ . $-b$ . $\blacksquare$
3.2 2
$G$ , $G$ $C$ , $G$ $C$ 1
. , $G$ $C$
[101.
2 $B=$($X,Y$,E) GB=(VB,EB) [12]. $B$ ei GB .
$V_{B}=E$ , $B$ 2 ei, ej 2 , ,
GB ei ej . Fig. 13 . , $B$ $e_{1}$ $e2$
$x_{1},$ $y_{1},$ $yz$ 3 $e_{1}$ $e2$ 2 . , GB
$e\iota$ $ez$ .
(a)
Fig. 13 A bipartite graph $B$ and the associated graph GB.
(a) Bipartite graph B. (b) Graph GB.
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2] 2 $B$ , GB .
2
2 $B$ $b$ , GB $P$ .
$Q=(X_{Q},Y_{Q},E_{Q})$ $B$ 2 . GB , $G$ $E_{Q}$
$G_{Q}$ . $\not\in\{Q_{1},\ldots,Q_{b}\}$ $B$ 2 . Qi
GB , $Q$ GB {GQ,..., $G_{Qb}$} . $B$ $Q$
2 Qi , GB $C$
$G$ . GB ,
. ,
$G$ {GQl’y..s)C $b$ } . , $p\leqq b$ .
, $p\geqq b$ . , 3 .
[ 3] $C$ GB , Vc . $B$ Ec .
, $B$ Ec 2 .
[ 3
Ec 2 . $B$ , Ec $X_{E}c\subset X$ $Y_{E}c\subset Y$ .
, 2 $x\in X_{EC},$ $y\in Y_{E}c$ . $x\in X_{E}c$ , $x$ $el\in \bm{E}c$ .
, $y$ $\bm{e}2\in Ec$ . $e_{1}$ $e2$ GB 2 $C$ . ,
$B$ $e1$ eg 2 , $x$ $y$ . , (X,y)\in
$\bm{E}$ . , $B$ XEC Ygc . Ec’
Ec\subset Ec’ . GB , EC’ GB , $C$ .
$C$ . , $B$ Ec 2 . $\blacksquare$
$\{C_{1},\ldots,C_{p}\}$ GB . Ci , \alpha ’ ,
{Cl,...,Cp} , {cl’,...,cp} . 3 , {$C_{1},\ldots,C_{P}\uparrow$ ,





$\chi$ (G) . , 2
. G=(V,E) , $E$ $E^{C}$
$G^{C}=(V,E^{C})$ . $G$ $G^{C}$ , $G$ . $G=(V,E)$
$V\subset V$ , $G^{C}$ . $G$ $G^{C}$
. .




.LF , LFI [13], RLF [14], DSATUR [15], DSI [15] .
LF , . LF
[13] LFI . , ,
, .
RLF . 1 . ,
1 . , 1
, , , 2
. , .
$v$ , , $v$ ,
. DSATUR , ,
. DSATUR DSI .
, DSI
. 4 DSI .
$P,$ $T$ .
, 2 2 .
2 2 , 1 . ,
$r$ , $m$ $n$ $W$ , $m$ $r$
$P$ $r$ $n$ $T$ .
4.
[1624] 747 . 4\sim 76




DSI , . ,
, DSI , .
4.1
1 . 1 747 ,
8 509 577 . , 16
732 737 ,
. 2 , ,
. 2 , ,
. , ,
.
24 , 8 16
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. 16 ,
. , 17 15
. , 8 ,
, Fig. 14 . $P$ ,
$q$ , $r$ $(parrow q$
$arrow r)$ , 18 , 7 ,
Fig. 15 .
Table 1 The number of weave patterns that can be
weaved with a loom $with/withoutlong\cdot eye$ healds.
Table 2 Decrease in the number of required heald &ame8.
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(b) Reclined twill $[18,p.205](18arrow 18arrow 12)$
(c) Honeycomb weave $[18,p.225](20arrow 20arrow 17)$ (d) Grecian weave $[18,p.227](24arrow 24arrow 15)$
(e) ‘Ttiple weave $[19,p.14](24arrow 18arrow 16)$ ($0$ Triple weave $[19,p.14](24arrow 20arrow 16)$
(h) Figured weave $[28,p.48](36arrow 17arrow 11)$
Fig. 14 Eight lifting plan diagrams on which introducing $long\cdot eye$ healds has an effect.
(Ieft: Only nomal healds are used, right: $Long\cdot eye$ healds are introduoed.)
(The number of columns of weave diagram. $arrow The$ number of column patterns of weave
diagram. $arrow The$ number of required heald frames calculated with proposed algorithm. )
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(a) Shaded twill $[17,p.57]$ (b) Double twin $[17,p.56]$ (c) Corkscrew twill $[18,p.215]$
(d) Figured twill $[18,p.216]$ (e) Figured twill $[18,p.216]$ ($0$ Honeycomb weave $[18,p.225$
(g) Grecian weave $[18,p.227]$
Fig. 15 Seven ffling plan diagrams on which introducing $long\cdot eye$ healds does not have etibct.
4.2
Fig. 14(b) , 8 . $P$ , $T$ $W$ $W=PT$




Fig. 15(a) , 2 Fig. 14(g) ,
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